In order to investigate mutation mechanism with oxyamine, two DNA dodecamers containing 2'-deoxy-./V6-methoxyadenosine have been synthesized and their crystal structures have been determined. The dodecamers are associated in B form duplexes. The methoxy groups attached to the adenine bases do not affect the DNA conformation significantly.
INTRODUCTION
During DNA replication, the highest accuracy is achieved by forming the Watson-Crick type base-pairs. When DNA is damaged by oxyamines such as methoxyamine and hydroxyamine, however, the absolute rule is disturbed and some errors are introduced. As a result, mutations will occur*. In fact, when 2'-deoxyadenosine residues are methoxylated (hereafter mo6A) in a template DNA fragment, not only the complementary TTP, but also non-complementary dCTP are incorporated in a newly synthesized strand by the Klenow fragment2.
In order to establish the structural basis for mutation, two DNA dodecamers with the sequences of d(CGCGmo6AATTCGCG)(hereafter Dmo6A:T) and d(CGCGmo6AATCCGCG)(hereafter Dmo6A:C) have been synthesized and their crystal structures have been investigated.
EXPERIMENTAL
"Die two dodecamers were synthesized and purified by the reported method2. Crystallizations were performed at 4°C by the hanging drop vapor diffusion method. X-ray diffraction patterns of the Dmo^AiT crystal were collected on a Rigaku R-AXIS IV with CuKa radiation at 11 OK In the case of Dmo6A:C, synchrotron radiation(X=1.00A) and Sakabe Weissenberg camera were used at 11 OK. The diffraction patterns were processed by the program DENZO and intensity data were scaled and merged by the programs SCALA and AGROVATA in CCP4. Their maximum resolution was 2.0 A for Dmo6A:T and 1.6A for Dmo6A:C. Initial phases were determined by the molecular replacement method using the structure of the original DNA dodecamer d(CGCGAA-TTCGCG)3 with the program AMoRe. The molecular structures were constructed and modified on a graphic workstation by referring omit maps at every nucleotide residues with the program O and QUANTA (distributed by Molecular Simulations Inc.). The atomic parameters were refined with the program X-PLOR. Crystal data and statistics of structure determination are summarized in Table 1 . 
RESULTS AND DISCUSSION
The overall structures of Dmo6A:T and Dmo6A:C are shown in Fig 1. They form B-form duplexes, indicating that methoxylations on adenosine residues do not affect the DNA global conformation. The X-ray structure of a large fragment of DNA polymerase I, complexed with DNA primer and template strands, shows that the two strands form a duplex with B-form conformation in the polymerase^.
In addition, there is an open solvent accessible space in the major groove of the bound DNA. Therefore, it is considered that when an adenine base in DNA is methoxylated, the damaged DNA can still take an acceptable conformation in the polymerase and the methoxy group will not interfere in the binding. Fig. 2(a,b) shows 21/bl-lFcl maps around the mo^A residues in Dmo6A:T and Dmo6A:C. In spite of the methoxylation, the mo^A base forms the Watson-Crick type pair with thymine moiety. On the other hand, the mo 6 A base forms a pair with cytosine moiety with a geometry similar to the Watson-Crick type A:T pairing. When both the mo6A:T pair and the mo6A:C pair are superimposed on the canonical A:T pair, their base positions are almost the same, suggesting no significant change on atom positions to be recognized as the WatsonCrick pairing in the polymerase. To form these base-pairs, the chemical structure of the mo<>A base must be the amino form for thymine as shown in Fig. 2(c) and the imino form for cytosine [ Fig. 2(d) ]. Several mo^A derivatives take the imino form in crystalline state5,6, and in solution they are equilibrated?. Furthermore, when cytidine derivative is added in a solution containing mo^A derivative, the imino form increases in population, and when uridine derivative is added, the amino form doesS. It has been considered that adenine base exists always in the amino form. The methoxylation, however, allows the adenine to occur tautomerization. When thymidine residue is placed on the opposite site in DNA duplex, the mo6A base takes the amino tautomer and behaves like an intact adenine to form a base pair with the thymine moiety. On the other hands, in the case of Dmo6A:C, the mo^A base is in the imino form, mimicing guanine in hydrogen bond formation. This mimicry makes possible to form a base-pair with cytosine base. Both the resultant geometries of mo6A:T and mo^ArC pairs are very similar to the Watson-Crick geometry which is acceptable in the DNA polymerase. It is concluded that the two faces of N&-methoxyadenine base through tautomerization, the amino form for thymine and the imino form for cytosine, are the origin of the transition mutation. The two faces of mo6A are applicable to both, 2'-deoxyadenosine residues in template DNA strands and dATP as a reactant to be incorporated in DNA replication. For these facts, possible routes of gene transition are shown in Fig. 3 . When an adenine base in DNA is methoxylated, the original A:T pair is replaced with a G:C pair by two steps of replications. In the case of mo 6dATP incorporation, A:T to G:C and G:C to A:T mutations are possible with three steps of replications.
